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RESULTS OF THE AFRSI REWATERPROOFING
SYSTEMS SCREENING TEST
IN THE NASA/AMES RESEARCH CENTER (ARC)

2x2-FOOT TRANSONLC WIND TUNNEL
(0s-310)

by

JOHN MARROQUIN
ROCKWELL INTERNATIONAL
SPACE TRANSPORTATION SYSTEMS DIVISION

ABSTRACT

An experimental investigation was conducted in the NASA/Ames Research Center
2x2-foot Transonic Wind Tunnel from November 10 through 23, 1982 to evaluate
two AFRSI rewaterproofing systems ond to investigate films as o means of re-
ducing blanket joint distortion. The wind tunnel wall slot configuration
influence on the flow field over the test panel was investigated, primorily
using oil flow data, and resulted in o closed slot configuration to provide
a satisfactory screening environment flow field for the test. Sixteen AFRSI
test panels, configured to represent the test system or film, were subjected
to this screecning environment (a flow field of separated ond reattached flow
ot a freestream Mach number of 0.45 and q = 650 or 900 psf). Eaech cendition
wes held u.til domoge to the test article was observed or 55 minutes if no

damage was incurred,

The dota used to evaluate the candidate AFRSI configurotions consisted of a
comparison of the time to failure of the AFRSI panels from this test with

the time to failure of previous successful AFRSI test panels, All objectives
related to AFRSI rewaterproofing and tc the use of films to stiffen the blan-

ket fibers were achieved.

iii




TABLL OF CONTENTS

ABSTRACT
INDEX OF FIGURES

MM,

= INTRODUCTION
= NOMENCLATURE
| REMARKS
B CONFIGURATIONS INVESTIGATED
' INSTRUMENTATION
TEST FACILITY
TEST PROCEDURE
DATA REDUCTION
5 REFERENCE
2- TABLES:
I. Test Conditions
1. Data Set/Run Number Collation Summary
I111. Test Specimen Configurction and Failures
MODEL FIGURES
= APPENDIX A
0il Flow Runs
Calibration Runs

Data Runs

v ©

10
1
12
13

14
15
19

22
86
88
95
99




Figures

TOTMOO®>

OZZrAL—IOTMON® >

'S

w
Nwd: mRemzommonoeik

INDEX OF MODEL. FIGURES

Title

Instrumentation Location

Run 10 OLl Flow
Run 30 Oil Flow
Run 41 Oil Flow
Run 43 Oil Flow
Runs 51 through 52 Oil Flow
Runs 54 through 62 Oil Flew
Runs 44 through 49 Oil Flow
Runs 70 through 73 Oil Flow

Ponel 1 Post-test Phetegraph
Ponel lc Post-test Photegraph
Panel 2 Post-test Phgtograph
Panel 2¢ Post-test Photogreph
Panel 3 Post-test Photograph
Ponel 4 Post-test Photograph
Panel 6 Post-test Photograoph
Panel 7 Post-test Photograph
Panel 8 Post-test Photograph
Panel 11 Post-test Photograph
Panel 12 Post-test Photograph
Panel 13 Post-test Photograph
Panel 14 Post-test Photograph
Panel 15 Post-test Photegraph
Panel 14 Post-test Photograph

Run 78 Plot
Run 79 g; Plot
Run 80 Cp Plot
Run 81 Cb Plot
Run 82 & Plot

Run 84 Plot
Run 85 Plet
Run 86 Plot
Run 87 Cg Plot
Run 88 G, Plot
Run 89 Plot

Cp Repeatability at WH
Cp Repeataebility at WH
Cp Repeatability at WH

22

23

25
26
27
28
29
30

31

33
34
35
36
37
38
39

41
42
43

45

44

A8
49
50
51
52
33

55
<6
37
58
39




VL

1

rigures
AR r—————TY

o~
@ >

\,

[o+]
Er ©» WEP VVOZLZEFrALHIOTMOOS> O

o

—
(~]

INDEX OF MOCEL FIGIRES (Concluded)

Effect of Wedge Height on Cp
Effect of Wedge Height ot q
Effect of Wedgn Height at a

Run
Run
Run
Run
Rur
Run
Run
Run
Run
Run
Run
Run
Run
Run
Run
Run
Run

Cp Repeatability at q=650 psf
Cp Repeatability at q=9C0 psf

Title

100 Cp Plot
102 Cp Plot
103 Cp Plot
104 G P}ot
105 Cp Plot
107 Cp Plot
108 Cp Plot
109 Ep Plot
110 & Plot
111 G Plot
112 G Plot
3G Plot
114 G Plot
RS i
17 gg Plot
118 G, Plot

=
=2

é
1

50 psf on Cep

000 psf on

dB Plot Run 79 Kulites 1, 3, 5, 4, 7
d8 Plot Run 79 Kulites 9, 10, 11, 12, 18

dB Plot Run 81 Kulites 3, 5, 7
dB Plot Run 81 Kulites 10, 11, 15, 21

Paaa
ol eres

é0
62

63
é4
43

&7
68
69
70

71
72
73
74
75
76
77
78
79

80
8]

82
83

84
85

“n




INTRODUCT ION

A sequence of environments test progrem wos initiated in May 1982 to provide
experimental data on the life of AFRSI moterial under expected environmental
loadings. This Program was designed to sequentially expose the AFRSI to wind/
roin environments, cerodynamic-and acoustic ascent loadings, and radiant
thermal heating. This Sequence simulates the loading environments encountered

during each flight; on the.launch pad, during lift-off, ond during ascent and

entry,

During the initial series of wind/rain, acoustic, ond heating tests, the can-
didate rewaterproofing material for the AFRSI proved inadequate when subjected
to entry temperatures obove 1500°F. In addition, wind tunnel tests revealed
that the blanket joints were easily distorted. As q result, films were being
contemplated for use in stiffening the blanket ends to minimize gaps between
the blankets due:to ascent airloads. Some of these films were condidate re-

waterproofing moterigls to be applied to.the AFRSI,

Test 05-310 was developed in response to these findings and was conducted in
the NASA/Ames Research Center 2x2-foot Transonic Wind Tunnel from November 10
through November 23, 1982. The purpose of this investigation was to évaluate
two AFRSI rewaterproofing systems and to investigate films as o means of re-
dueing blanket Joint distoertion. 1In addition, needle damage inflicted to the
AFRSI during the sewing process was investigated to determine how it affected

the life of the AFRSI material,

Quring earlier tests with the same test set-up, local flow perturbations and

lack of uniformity were encountered. Oil flow visvalization and pressure




INTRODUCTION (Concluded)

calibration tests were corried ovt in an attempt to eliminate the local flow
perturbotions and obtain o more two~dimensionnl flow field in the test scc-
tion. Various separation wedge and tunnel wall slot configurations were tested
j ? at Mach numbers ranging from 0.45 to 0.82 ond dynamic pressures of 138 to

1000 psf. A regsonable simulation of two-dimensional flow was achieved.

A total of 16 AFRS! specimens were tested: nine had blanket joints while
the other seven were one-piece boseline configurations, Specimen testing wos

accomplished at a constant Mach number of 0.45 with dynomic pressures of

450 or 900 psf. Each condition was held uiitil cdomage to the test article

was cbserved or 55 minutes if no domage was incurred.

This report contains information on the conduct of the test, details of the
medel ond instrumentation, @ summary of the test schedule and conditions,
plotted and tobulated pressure dato, and photographs of the AFRSI specimens
tested.
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RMS

XEE

MNEMOMIC

cp
MACH
PL
PT
RE or RN

T$
TT or TTg

RHO or RO
PRMS

MOMENCLATURE

DEFINITICN

Test Configuration

Pressure coefficient, data

Well position

Inner Meldline

Freestreom Mach number

Outer Moldline

Freestrean siatic pressure, psia
Local static pressure, psia
Freestream total pressure, psia
Freestream dynamic pressure, psf
Freestrean Reynolds number, per ft
Freestrean static temperature, °R
Freestrean total temperature, °R or %
Freestream velocity, ft/sec

Longitudinal distonce positive, inches
oft of ponel centerline

Loteral distance positive, inches right
of parel centerline

Freestrean density, slugs/f t3

RMS value of the variations from the
mean value of the loca pressure, psi

Wedge height, inches
Wedge length, inches
Wedge direction position, inches
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REMARKS

During run numbers 10, 30, 44, 44, 42, 4%, and 50, the tunnel deie acquisition
and Scanivalves showed sone rromolies. Attempts to clear the preblem were

not succensful, Since the oil flow test covld be achieved wathout the pres-
sure data, tusting was resumed vithout ary further deioy. Computer ond Scan-

ivalve problems wers, solved after furn 43,2,

During the initial pretest calibration, 27 Kulites were aveilable of which
three were found to be defective. Thuse were Kulite numbers 17, 22, ond 204.
These Kulites were replaced with Xulite numbers 19 and 21, A totol of 18
Kulites were used to obtein the fluctvating acoustic dota during the calibra-

tion runs,

Data from a previous test (09=301) in the ARC Ix2-foot TWT showeda lack of

flow symmetry ond regions of concentrated turbulence over the AFRSI test panels.
In response to these conditions, visualization tests were conducted during Test
05-301 which showed @ cross flev on the panels. This cross flow was oppurently
caused by air from the plenum chamber being drawn into the test section by the
action of the low pressure field created by the presence of the separation
wedge. For this reason, thoreugh oil flow and colibration rums were conducted
during Test CS-=310 and a satisfactory screening environment was achieved by

mechanically backing all wall slots.




- CONFIGHEATIONS  INVESTIGATED

i-— The configurations used in this test did not duplicate any geomstric surface

-
i

il

of the Space Shuttle orbiter. A test wrticle holding fixture, ysed during
previous tests, was mounted in the tupnel's mevable wall, The fixture, Mode)
115-0, was medified se thot it would place the test articles in the center of
- the test scetion. During Test 0S=310, the tunnel's movable wall was kept in

) the flush position (HW=0). The porosity of two of the tunnel surfaces was

Controllable. The other two had no provisions for ony porosity. Four wedges.
’ were used to disturb the tunncl flow. All wedges had @ 45-degree ramp to the
— flow. Three different wedge heights were used, 0.5, 1.0, and 1.5 inches. One
/ wedge had a length of 23.4 inches, all the others were 20.75 inches long. The

wedges were positioned at either X = =11.9 inches or X = -16.4 inches.

A dumny parel with grid mariirg was used during the oil flow portion of Test
0S-310. Another dummy ponel with instrumentation installed was used to cali-

bratz the pressure distribution in the area of the test orticles.

Sixteen test articles were used during this test. Each had on exposed surface
of 15.5 x 12.5 inctes and was mounted f lush to the tunnel wall in the holding
- fixture. A description of each panel is presented in Table III.
- g




INSTRUMENTATION

Lata for Test 05-310 consisted of time averaged and fluctuating prescuse
neasurements, . The 32 static pressure ovifices in the fixture were used

during the entire test, Fifteen udditional ovifices were used with the

calibration punel,

Twelve Kulite transducers in the fixture weve also used during the entire

test, The calibration panel contuined 22 additionol Kulite tronsducers.

The locotions of @ll this instrumentetion are shown in Figure 1.
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TEST FACILITY

The ARC 2x2-foot wind tumnel was used for these tests. The tunnel is of the
continuous flow t,7 2 with variable porosity test section walls surrounded by a
plenum chamber. Mach number is continuously variable over the ronge from 0.4

to 1.4 and dynemic pressure is continuously variable aover the range from 200 to

1500 psf.

The tunnel caon be operated so that one sgction of the side woll moves up to 1.4
inches into the airstream. The upstreom edge of the movoble wall is a sharp
edged splitter plate which scoops of f all or port of the tunnel sidewcll boundary
layer. It is possible to position the wall to ochieve a boundary loyer thick-

ness fren 0.25 to 1.0-inch in the panel test region.

10




TEST PROCEIMRE

The test was conducted in three ports. First, o study was made, using oil, to
define the surface flow pattern. The tunnel's woll porosity, Mach, ond dynamic

pressure were varied. The flow separator wedge height, length, ond X-

station
were also varied.

After a usable flow field was found, on instrumented colibration panel wos

installed in the tunnel. The time-rveraged pressures and the acoustic pressures

were recorded for various turnel and wedge conditions. When the proper environ-

ments had been defined, the test articles were inserted into the fixture and

run. A detailed run schedule is presented in Table II.

n
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DATA REDUCTION
Standard tunnel equations were used to compyte all tunnel cenditions,

The time-averaged pressure data was recorded and reduced to standard coefficient

form by the facility using:

Co = (Py - Py) x 144/q
Plots of this data are presented in Figures 4 through 8, This data is tabulated
in Appendix A.

Fluctuating acoustic pressure data wos recorded on magnetic tcpe, then played
back so that the Vibraotion ond Acoustics group could analyze the data. The data

was converted to dB's using:

9 2
dB = 10 log;, (M
2.9007

Representative data are presented in Figures 9 and 10.
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TABLE I

TEST COMDITIONS

Reynolds Dynamic Stagnation
Number Pressure Temperature
Number (Per Ftx 107) PSF Deg F
0.3 2.17 140 80
0.4 2.67 225 80
0.5 3.15 325 80
0.4 3.53 425 80
0.6 4.77 575 80
0.6 6.02 725 80
0.4 7.05 850 80
0.6 8.30 1000 80
0.65 3.73 480 80
0.45 5.05 650 80
0.45 6.22 800 80
0.65 7.00 900 80
0.45 7.77 1000 80
0.7 3.96 540 80
0.7 5.13 700 80
0.7 5.87 800 80
0.7 6.60 900 80
0.75 T 4.18 600 80
0.75 4.52 650 80
0.75 5.40 778 80
0.75 6.96 1007 80
0.8 4.25 640 80
0.85 4.20 ¢40 80
0.85 6.37 1000 80
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